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Recent reports have suggested that very early excision (<24 hours post-burn) and primary
closure of burn wounds might circumvent the immunosuppression which follows severe ther-
mal trauma. The total body surface area(TBSA) involved in burn injuries ofhuman subjects at
risk for significant post-burn immunosuppression is large enough to require grafting. In the
present study cell-mediated immunity was measured via one-way allogeneic mixed lymphocyte
reactions (MLR) in mice subjected to full-thickness scald wounds over 25-30 percent TBSA
followed by escharectomy and syngeneic full-thickness skin grafting. A significant decrease in
the proliferative capability of T-cells could be demonstrated on days five and seven post-
treatment in unburned grafted animals (day five, 30.7 percent; day seven, 24.8 percent) over
untreated normals. T-cells from animals burned but not excised also showed significant
hyporesponsiveness (day five, 33.2 percent; day seven, 26.1 percent normal MLR). Animals
undergoing both burning and excision showed even more profound immunosuppression (day
five, 18.3 percent to 23.7 percent; day seven, 7.4 percent to 11.6 percent normal MLR).
Surgical incision without excising the skin did not suppress cell-mediated immunity (day five,
90.8 percent; day seven, 90.4 percent normal MLR). When T-cells from treated animals of
each group (with the exception of the incision control group) were added to normal MLR cul-
tures, significant (>50 percent) cell-mediated suppression by suppressor T-cells could be
demonstrated. This study showed that the trauma of excision and grafting alone results in
depression ofcell-mediated immunity. These data call into question the ability ofvery early ex-
cision and grafting to alter the immunosuppression which follows severe thermal trauma.
INTRODUCTION
Formerly, major thermal trauma resulted in very early death due to respiratory or
hemodynamic shock. With the advent of modern concepts of electrolyte and fluid
replacement and the refinement of respiratory care techniques, most burn patients
now survive the initial physiologic insult. A recent consensus report shows that cur-
rently greater than 75 percent of all post-burn deaths have infection as the primary
contributing cause [1]. Investigations ofboth burn patients and murine models have
demonstrated the induction of an active, nonspecific, T-cell-mediated immunosup-
pression following significant burn injuries [2,3]. These studies correlated the risk of
sepsis with the appearance ofsuppressor cell activity in a T-cell-enriched cell suspen-
sion in vitro. More recently Kupper and Green [4] have examined the physiologic
significance ofthis suppression phenomenon in vivo. Byinjecting T-cells from seven
day post-burn (immunosuppressed) mice into syngeneic animals that were subse-
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quently submitted to the septic challenge of cecal ligation and puncture [5], they
were able to demonstrate a significant rise in mortality in the mice injected with burn
suppressor cells. Thus, while alterations have been observed post-burn in both the
nonspecific (inflammatory) and specific (lymphocyte-mediated) immune functions
[6], including changes in complement concentrations [7,8], decreased activity of the
reticuloendothelial system [9,10], and alterations in neutrophil function and
chemotaxis [11,12], the action of the T-suppressor cell circuit on the humoral and
cell-mediated immunity of the burned host is sufficient to put the subject at signifi-
cant risk for a fatal septic episode. Therefore, in these experiments cell-mediated im-
munity was used as an index to compare the effects of untreated burn-induced im-
munosuppression with the immunocompetence ofmice burned and followed by very
early excision (<24 hours post-burn) of the burn wound and syngeneic full-
thickness skin grafting.
In an investigation ofthe immunocompetence ofseverely burned human patients,
Miller and Baker discovered that the degree and duration ofpost-burn immunosup-
pression was related to the extent of the burn injury [2]. Several other investigators
have directly isolated factors from the burn eschar or characterized local reactions to
the tissue trauma that have immunosuppressive activity [13,14,15,16]. All of the
above observations imply that some factor or factors from the burned tissue con-
tribute to the induction ofthepost-burn immunosuppression. Therefore, removal of
the eschar before such factors could be released systemically could conceivably avert
the suppression by eliminating the inciting agents.
Using a standard murine model consisting of a 25-30 percent TBSA full-thickness
scald wound, this work studied the effect ofvery early escharectomy on the ultimate
pathology of cell-mediated post-burn immunosuppression. In the human burn pa-
tient at significant risk for a fatal sepsis resulting from suppressed immunity as a
complication ofthe trauma, the burned areais much toolarge to allow for aprimary
closure following escharectomy [2]. Therefore, to approximate the clinical situation
in burn patients the open escharectomy wound in our murine model was covered
with a full-thickness skin graft from a syngeneic mouse. Both temporal and quan-
titative studies were conducted to investigate (1) the potential benefits of very early
excision of burn eschar, (2) the effects on cell-mediated immunity of skin grafting
with syngeneic full-thickness skin flaps following very early post-burn escharec-
tomy, and (3) the effects of the surgical trauma of syngeneic grafting alone on cell-
mediated immunity by subjecting unburned mice to skin excisions and grafting.
MATERIALS AND METHODS
Animals
Male CBA/J and C57BI/6 mice were obtained from Jackson Laboratories, Bar
Harbor, Maine, and were six to ten weeks old when treated. Following treatment the
mice were kept four to six per cage and allowed food and water ad libitum.
Anesthesia
All mice were anesthetized with an intraperitoneal injection ofNembutal (Abbott
Laboratories), using 1 mg/22 g body weight. Ether supplementation was provided
via a nose cone, as needed.
Burn Injury
The dorsum of each anesthetized mouse was shaved with an Oster animal clipper
and an area corresponding to approximately 30 percent of the total body surface
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area (TBSA) was outlined with a marking pen. This area was calculated relative to
the animal's body weight as described by Schildt and Nilson [17]. The mouse burn
template used was a seven-inch-long, hollow, open-ended Teflon cylinder (diameter
= 2.2 cm) with a rectangular opening 2 x 4.5 cm midway on its length through
which the area to be burned could be exposed. A full-thickness scald wound was in-
flicted by dipping the exposed skin into 95°C water for eight seconds. The mouse
was then immediately removed from the template and patted dry with a towel. Fluid
resuscitation was administered in the form of one ml ofinjectable 0.9 percent saline
(Invenex) injected intraperitoneally immediately post-burn and again six hours post-
burn.
Escharectomy and Skin Grafting
At the appropriate times post-burn the mice were again anesthetized with in-
traperitoneal injections of Nembutal. The burn eschar was then removed from the
underlying tissue by careful dissection. The burn model described above facilitated
this procedure by consistently producing uniform full-thickness (third-degree) burns
with sharp margins. Full-thickness syngeneic skin grafts were obtained from freshly
sacrificed mice of the same strain (i.e., CBA/J or C57B1/6) using previously de-
scribed procedures [18]. Briefly, the animals were sacrificed by cervical dislocation,
their dorsums shaved, and an area corresponding to 30 percent TBSA demarcated
and removed from the underlying tissue by careful dissection. The graft was secured
to the previously burned mouse with 3-0 dermalon sutures (Davis and Geck) using a
continuous horizontal mattress stitch. Unburned excision control animals were
similarly prepared by exchanging full-thickness skin flaps ofabout 30 percent TBSA
between two previously untreated (i.e., unburned) syngeneic mice. In all surgical
cases fluid resuscitation again consisted of one ml of 0.9 percent saline injected in-
traperitoneally immediately post-surgery and again six hours post-surgery.
Incision Controls
Nembutal-anesthetized mice were shaved and marked as above. An incision was
made in the skin along the demarcation around the dorsum of the mouse but the
skin was not dissected away from the underlying tissue. The incision was closed and
the animals resuscitated as previously described.
Spleen Cell Recovery
On the appropriate days post-treatment the mice were sacrificed by cervical
dislocation along with several untreated syngeneic mice (normal controls) and
several untreated allogeneic mice (stimulator pool). The spleens were removed asep-
tically and ground between the frosted ends of two glass slides into Cantor's bal-
anced salt solution (Irvine Scientific) and pooled appropriately. Red blood cells were
removed by hypotonic shock.
T-Cell Enrichment
T lymphocytes were fractionated on the basis of surface antigens as described by
Wysocki and Sato [19]. In brief, goat anti-mouse immunoglobulin (obtained from
Dr. M. Iverson) was adsorbed on to sterile polystyrene Fisher petri dishes and the re-
mainder ofthe nonspecific Fc binding sites saturated with goat IgG. The plates were
stored at -4C until needed. 3 x 107 spleen cells in 5 ml of balanced salt solution
were added to each plate and allowed to stand at +40C for 60 minutes. The
nonadherent cells (T-cells) were then carefully decanted with a total cell recovery of
30-45 percent.
799Mitomycin C Treatment
Stimulator cells were prepared by treating whole spleen cell suspensions with 40
,tg/ml ofMitomycin C (Sigma) at concentrations of2.5 x 10' cells/ml in a balanced
salt solution. After having been incubated for 20 minutes at 30°C the cells were
washed three times in 30 ml of balanced salt solution to remove all traces of
Mitomycin C.
Cell Cultures
Viable cells were counted by the Trypan Blue (Gibco) exclusion method and
diluted appropriately in Click's medium (supplied by Dr. M. Iverson) supplemented
with 5 percent fetal calf serum (Gibco) and 1 percent penicillin-streptomycin (Irvine
Scientific). Stimulators and responders were chosen such that they differed at the
H-2 or major histocompatibility locus (i.e., C57B1/6 x CBA/J). Cultures were ar-
ranged as indicated in Fig. 1, in triplicate, in Costar microtiter culture plates with a
final volume of0.2 ml. The cultures were then incubated at 37°C in 95 percent air/5
percent CO2 for 96 hours. At this time each well was pulsed with 1.5 ,uCi of 3H thy-
midine (New England Nuclear) and incubated for an additional four to six hours.
Cultures were then harvested, using a MASH, on to Whatman glass microfiber filter
paper (Whatman 934-AH). After complete drying, the individual discs of filter
paper were mixed with 1 ml of Betafluor (Beckman) in glass scintillation vials and
the counts measured on a Beckman liquid scintillation counter for one minute.
Statistics
Spleen cells from four to six treated or control animals were appropriately pooled
for each experiment and the lymphocyte cultures arranged in triplicate. Therefore,
for each experimental condition reported n was a multiple of three and the reported
n reflects the number of times the experiment was repeated. The results were com-
pared using a standard two-tailed student's t-test with statistical significance defined
as ap <0.05.
Experimental Cultures
S* x N S* x 2N S* x 3N S* x R5d S* x R7d S* x N x R5d S* x N x R7d
S* 2 x 105 2 x 105 2 x 105 2x105 2xI0 2x10 2 x 105
N 2 x 105 4 x 105 6 x1I0 2 x 105 2 x 105
R5d 4 x1I0 4 x 105
R7d 4 x 10s 4 x 10'
Control Cultures
R*xN R*x2N R*x3N
R* 2 x 10- 2 x 105 2 x 105
N 2 x 105 4 x 105 6 x 105
FIG. 1. Experimental design of Mixed Lymphocyte Reactions-cells per culture: all cultures in total
volume of 0.2 ml; S* mitomycin C-treated stimulator cells; N responder cells from normal
(untreated) mice; R responder cells from appropriately treated mice sacrificed on post-burn day
indicated; R* mitomycin C-treated syngeneic (to N) cells.
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RESULTS
Mortality
The insult of a full-thickness scald wound over 25-30 percent TBSA led to a 30
percent mortality of which three-fourths occurred in the first 48 hours and were at-
tributableto the physiologic shock produced by the burn injury. The remainder were
due to sepsis (Fig. 2). Mice burned and then excised and grafted at six and 24 hours
experienced mortality rates of 50 percent and 40 percent, respectively. Again,
roughly three-fourths could be attributed to shock and the other fourth to sepsis.
Those mice excised and grafted without the antecedent burn suffered a 10 percent
mortality (all septic episodes) while those in the incision control group all survived.
Immunosuppression Following Wound and Grafting
At six or 24 hours post-burn, groups of mice underwent escharectomy and
syngeneic grafting as previously described. By day five following the escharectomy,
the avascular skin graft was adherent to the back ofthe recipient mouse and grossly
dehydrated. Careful dissection of the avascular graft from its recipient revealed an
abundant granulation response on thegraft bed. On daysthree, five, and seven post-
burn animals were sacrificed and their cell-mediated immunity measured via a one-
way allogeneic mixed lymphocyte reaction (MLR) and compared to that of normal
(i.e., untreated) mice (Table 1). Mice burned and grafted at six hours (BE6) showed
23.7 percent and 11.6 percent of the proliferative capability of normal T-cells on
days five and seven post-burn, respectively. T-cells from animals grafted 24 hours
post-burn (BE24) were only 9.0 percent, 18.3 percent, and 7.4 percent as active as
normals at days three, five, and seven, respectively. While the burn injury alone led
to hyporesponsive T-cell cultures (Table 1, Burn), in both instances the added
physiologic insult of escharectomy and grafting significantly depressed the cell-
mediated immunity beyond that of the burn injury alone (p <0.01).
To control for nonspecific suppression due to cell crowding the normal ex-
perimental cultures were set up at various total cell numbers (Fig. 1) and examined
for reduced proliferation suggesting cell crowding. In none of the experiments
discussed was the nonspecific suppression due to cell crowding.
50-
40
30 _ _ ~~~~~...........
30 ..........
-- ......... .. .g1 FIG. 2. Mortality rates observed for treated
.............. ........mice over a seven-day course. The treatments
10 .........consisted of burn alone, burn with escharectomy
-- .. M. _ and grafting at 24 hours post-burn (BE24), burn
_ .. . . | | (0. ) ~~~~with escharectomy and grafting at six hours post-
0 burn (BE6), excision controls (EC), or incision
Burn BE24 BE6 EC IC controls (IC).
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TABLE I
Percentage Normal MLR 4 SE
Day 3 Day 5 Day 7
Burn
n = 6a 9.2 ± 3.8 33.2 ± 8.3 26.1 ± 2.1
BE6
n = 6 NA 23.7 1.7 11.6 ±2.5
BE24
n = 12 9.0 ± 5.0 18.3 1.1 7.4 1.3
aSee text for determination of n.
NA Not available
The hyporesponsiveness of the cell-mediated immunity observed on days three,
five, and seven post-burn could have been due either to a passive depressed respon-
siveness ofthe helper T-cell population to an allogeneic stimulus or to a nonspecific
active suppression by an activated suppressor T-cell circuit. To test for the presence
of suppressor T-cells, T-cells from treated mice were added to normal MLRs (Fig. 1).
Suppression of >50 percent was considered physiologically significant [10]. As seen
in Table 2, activated T-suppressor cells could be demonstrated in the burn and six
and 24 hours post-burn grafted animals on both days five and seven post-burn but
not on day three.
Immunosuppression Following Grafting Without Burn
It was observed that the immunosuppression following thermal injury was com-
pounded by the surgical procedure ofescharectomy and grafting (Fig. 3). The ability
of this procedure alone to induce immunosuppression was therefore studied by
grafting mice without the antecedent burn. As with the burned and grafted animals
the avascular graft of the excision control (EC) animals was dehydrated with spotty
focal necrosis by day five post-graft, and a granulation response was visible across
the dorsum ofthe mouse beneath thegraft. Table 3 (EC) shows that at days five and
seven post-burn the percentage ofnormal MLR response was 30.7 percent and 24.8
percent, respectively, which was comparable to that following the scald insult alone
(Table 1, Burn). Activated suppressor T-cells could also be demonstrated on both
days five and seven post-treatment (Table 4, EC), but, again, not on day three.
TABLE 2
Percentage Suppression of Normal MLR ± SE
by T Cells from Treated Animals
Day 3 Day 5 Day 7
Burn
n = 3a 14.7 9.1 64.4 ± 74b 74.4 ± 6.9b
BE6
n = 3 NA 58.1 6.6b 82.9 2.4b
BE24
n = 6 9.9 ±i 13.1 75.1 6.5b 85.8 1.9b
aSee text for determination of n.
bIndicates active cell-mediated suppression
NA Not available
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TABLE 3
Percentage Normal MLR 4 SE
Day 3 Day 5 Day 7
EC
n = 6a 44.6 + 5.0 30.7 6.0 24.8 6.1
IC
n = 3 107.1 + 6.9 90.8 + 5.1 90.4 20.4
aSee text for determination of n.
Incision Control
Finally, to control for the insults ofanesthesia, incision, and suturing ofthe mice,
a group of unburned mice were incised and sutured as described elsewhere. Unlike
the excised and grafted animals described previously, the vascularity of the dorsal
skin flap remained undisturbed in this incision control (IC) group. The incision
wound healed completely and no changes were observed in the skin flap over seven
days (i.e., no dehydration). Days three, five, and seven post-treatment MLRs from
this group were not significantly different from normal cultures (Table 3, IC). The
addition ofT-cells from these mice to untreated control reactions was unable to sup-
press their proliferative capability (Table 4, IC). The enhanced response of the nor-
mal cultures observed after the addition of T-cells from treated animals was inter-
preted as an unchecked (i.e., unsuppressed) response ofboth the normal and treated
T-cells to an allogeneic stimulus in the absence of suppressor T-cells. When com-
pared to the normal MLR cultures containing an equal number oftotal cells (Fig. 1,
S* x 3N), the activities were not significantly different (data not shown).
DISCUSSION
While recent reports have indicated that the very early excision of burn eschar
may favorably alter the immunosuppression normally observed following thermal
trauma [13], the results of this study showed that grafting of a full-thickness skin
flap to a syngeneic recipient mouse was itself immunosuppressive and that this sup-
pression was additive to that of the burn injury. Thus, the removal of large burn
wounds followed by grafting cannot be expected to circumvent the post-burn sup-
pressive episode.
Animals and humans subjected to burn injuries, trauma, or surgery respond by
releasing several stress hormones including cortisol-a potent endogenous im-
munosuppressant. Continued physiologic stress with a persistently high serum cor-
tisol has been correlated with an increased mortality [21]. However, Munster et al.
[22] have demonstrated that cortisol is not required for the initiation or maintenance
of post-burn or post-traumatic immunosuppression. By subjecting rats to bilateral
adrenalectomies one month prior to a 30 percent TBSA burn or dermatome injury,
they were able to lower serum cortisol levels to 4 Ag/dl seven days post-trauma as
compared to 90 Ag/dl in nonadrenalectomized controls. The immunosuppression
observed in each group was identical both temporally and quantitatively. Therefore,
while cortisol may play a role in immunosuppression in an intact subject, it is sec-
ondary to and superimposed upon other independent factors.
Several observations have been made to support theories on an alternate
mechanism of induction of post-burn immunosuppression. Without identifyinlg the
degree to which each is responsible for this post-traumatic event, each ofthe follow-JACOBSON AND BAKER
ing imply that the removal of the burn eschar as soon as possible post-burn could
avert the otherwise inevitable reduction in immunocompetence. Kremer et al. [14]
have isolated and characterized a "burn toxin" from serum and skin of burned
humans and animals which causes vacuolization of liver cells and irreversible
mitochondrial damage with the uncoupling ofoxidative phosphorylation in all cells
including lymphocytes. The toxin is a trimerized lipid-protein complex formed by
the heat-induced polymerization of naturally occurring precursors in the basal
epidermal skin layer. Therefore, if the inciting factor for the suppression is a prod-
uct of the wound, expedient removal of the source should prevent suppression.
Other investigators have observed a significant decrease in the ability of fixed
macrophage of the reticuloendothelial system to clear foreign particles from the
blood following thermal injury [9,10]. This presumablyresults in the presentation of
large quantities offoreign and altered selfantigens from the burned tissue to the im-
mune surveillance system. It has been postulated that this "autoantigenemia" which
cannot be sufficiently cleared by the impaired reticuloendothelial system contributes
to the induction of an autoimmune response which is countered by a systemic
nonspecific cell-mediated suppression [4,20]. Again, very early removal of the an-
tigen source should attenuate the antigenemia and thus the suppression.
More recently, Barbul et al. [15] have demonstrated in vitro and in vivo im-
munosuppressive effects of fluid and mononuclear cells extracted from surgical
wounds. Each of these wound components was shown to suppress Con A- and
PHA-induced lymphocyte blastogenesis, one-way allogeneic lymphocyte reactions,
and allogeneic skin graftrejections at days five and seven post-trauma. The systemic
nonspecific immunosuppression observed following major thermal trauma may be
visualized as a disseminated presentation ofthe local reactions observed by Barbul.
Thus, very early removal of this local influence would be expected to abrogate the
systemic immunosuppression.
To assure a reproducible and significant immunosuppression following the burn
insult in our murine model, a 30 percent TBSA scald wound was used [10]. Burns
greater than 30 percent TBSA significantly increase burn shock-related mortality
[17] while burns less than 30 percent TBSA do not assure consistent duration or
degree of post-burn suppression [10,23]. Ideally, to investigate the effects of the
removal of burn eschar on post-burn cell-mediated immunity, the burn injury
should be followed by a simple escharectomy and closure of the wound by approx-
imating the edges and suturing. Thus, the eschar, as a possible source of the ini-
tiating factor for post-burn immunosuppression, could be removed with minimal
additional trauma. Unfortunately, primary closure of a wound of the magnitude
employed was not possible without fatally compromising the animal's respirations
and mobility. To attempt to alleviate this problem we burned two groups of mice
over 30 percent TBSA as previouslydescribed and excised the burn eschar at four or
six hours post-burn, leaving theescharectomywounds open. This procedure resulted
in 100 percent mortality within 12 hours by dehydration due to the extravasation of
fluid through the exposed dorsums of the animals (data not shown). Therefore, all
further experiments utilized a flap of full-thickness skin from a H-2 compatible
(i.e., syngeneic) donor mouse to cover the escharectomy wound. Though the
surgical trauma of grafting and the introduction of an avascular skin flap intro-
duced significant variables to the escharectomy model, the inability of this pro-
cedure to prevent normal post-burn immunosuppression was an unexpected result.
Thus, the focus of our investigation was changed from a study of the effects of
escharectomy to a study ofthe effects ofveryearlyescharectomyand syngeneic full-
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thickness skin grafting on post-burn immunosuppression. However, as previously
discussed, this model more closely approximated the clinical reality of human burn
patient therapy.
The experiments ofHansbrough et al. have shown that the positive effects ofsim-
ple escharectomy with a primary closure ofthe wound were dependent on the timing
ofthe removal ofthe burned skin after the injury [13]. These experiments, however,
utilized a burn injury ofless than 20 percent TBSA to allow for a primary closure of
the escharectomy wound. As previously discussed, the characteristics of the im-
munosuppression (in terms of degree and duration) following less severe burns are
different from those of a burn of 30 percent or greater TBSA [10,23]. The sup-
pressed cell-mediated immunity observed by Hansbrough et al. post-burn (reported
as a decreased ear swelling following DNFB sensitization and challenge at 14 days
post-burn) was nearly reversed following escharectomy at two hours post-burn,
whereas mice subjected to escharectomies at 24 or 48 hours post-burn still experi-
enced significant immunosuppression. When escharectomy and grafting were at-
tempted in our study at less than four hours post-burn, the additional physiologic
shock ofa30-minutegrafting procedure resulted in agreater than 80 percent mortal-
ity rate within four hours post-surgery (i.e., shock-related deaths). Procedures per-
formed six and twenty-four hours post-burn were relatively well tolerated and ex-
hibited a quantitative pattern similar to that described above on thepathology ofthe
cell-mediated immunity(Fig. 3). However, whilethe additional 18 hours ofexposure
to the burn eschar further suppressed the cell-mediated immunity, this difference
failed to reach statistical significance (p >0.05). Most important, neither procedure
was able to improve the immunosuppression which follows major thermal trauma.
To investigate further the compounding effect of full-thickness skin grafting on
the immunosuppression following the burn injury, several mice were subjected to
the grafting procedure alone (i.e., without the antecedent burn). While no reports
exist in the literature to allow aprediction ofthe effect ofsyngeneic skingrafting per
se on cell-mediated immunity, it has long been recognized that post-traumatic im-
munosuppression is not unique to burn trauma. Similarly depressed nonspecific and
specific immunity has been demonstrated following surgical manipulations
[24,25,26]. Our experiments showed that the grafting procedure itself results in a
pattern of depressed cell-mediated immunity which is both temporally and quan-
titatively equivalent to that of the burn insult alone on days five and seven post-
treatment (Fig. 3). On day three post-treatment, the T-cell-mediated immunity of
the excision control animals was observed to be substantially more responsive than
that of the mice burned only or those burned and excised at 24 hours (Fig. 3). The
suppressed immunity of these three groups on days five and seven post-treatment
was shown to have been due to activated T-suppressor cells (Tables 2 and 4). We
postulate, however, that the hyporesponsiveness ofday three T-cells was due to im-
paired antigen presentation by the reticuloendothelial system as a result of an over-
whelming antigenemia. Unlike the immediate injury of the burn, the skin graft
deteriorated slowly over about five days. Thus, the difference between the burned
animals and the excision control group on day three post-treatment could be seen as
one of the degree of antigenemia on these days.
Since the incision control group of mice did not suppress on any day examined
post-surgically (Table 3, IC) the suppression observed in the grafted mice must be at-
tributed either to the skin removal process or some function of the dehydrated and
necrotic graft. Though it was heat-induced, Kremer et al. [14] described their "burn
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the basal epidermal layer) by evaporation before irreversible denaturation was pro-
duced, thus offering a possible link between the suppressive effects of burn wounds
and that of the avascular skin grafts.
Dehydration of both the burn eschar and the skin graft by day five post-treatment
naturally led to cell death and disruption. The hypervascularity observed deep to the
eschar on day five offered a potential route of entrance into the systemic circulation
of antigens released from the traumatized skin. Fixed macrophages of the
reticuloendothelial system are normally charged with policing the body's circulation
and removing foreign antigens. However, the depressed function of the reticuloen-
dothelial system following burn [9,10] or surgical [24] trauma is incapable of effi-
ciently carrying out this task. It has been postulated that the resultant antigenemia
contributes to the autoimmune reactivity observed following severe burn trauma
[4,20]. Under these conditions, immunosuppression can be interpreted teleologically
as a means of "down regulating" a potentially harmful autoimmune response [20].
Thus, without directly challenging the above postulated immunosuppression induc-
tion circuit, we can say it is consistent with the observations of post-graft and post-
burn suppression.
While it appeared that the suppression-inducing factor or factors was intrinsic to
TABLE 4
Effect of Addition of T Cells from Excision and
Incision Control Animals on the Normal MLR Responsea
Day 3 Day 5 Day 7
EC
n = 3b 64.8 i 10.4 49.2 + 2.1c 35.6 + 8.6c
IC
n = 3 225.3 9.6 183.2 8.8 197.9 4 20.4
aReported as percentage normal MLR + SE
'See text for determination of n.
cIndicates active cell-mediated suppression
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the skin, experiments by Hansbrough et al. have shown that though the sub-
cutaneous injection of homogenized burn eschar into mice could induce im-
munosuppression, injections of homogenates of unburned skin were unable to in-
duce any suppressive effects [13]. It, therefore, becomes necessary to suspect the
contribution of a self antigen which is somehow altered by heat treatment or
dehydration in the pathogenesis of suppression. Experiments are currently under
way to investigate these possibilities.
As observed following burn trauma (both here and previously [2,4,10]), T-cell-
enriched suspensions of days five and seven post-graft spleen cells were able to sup-
press theproliferativecapability ofnormalallogeneic one-way mixedlymphocyte re-
actions (Table 4, EC). This cell-mediated suppression indicated the presence of an
activated T-suppressor-cell circuit. Experiments by Kupper and Green and Kupper
[4,10] have shown that the cell-mediated suppression observed on day seven post-
burn is mediated by an Lyl-2' T-cell whose activity and phenotype are consistent
with an activated T-suppressor cell [27]. The cell responsible for suppression on day
fivepost-burn, however, was shown to have a Lyl+2- I-P phenotype andrequired the
presence of Ly2+ cells to induce suppression. More recent unpublished data from
the samelaboratory have shown that two distinct Ly2' cells arerequired. Along with
the Lyl[2+ suppressor T-cell there is the requirement for a cyclophosphamide sen-
sitive Lyl+2+ transducer cell which relays the activating signal from the inducer to the
Lyl[2+ suppressor cell, thus completing the post-burn cell-mediated suppression cir-
cuit. Though the present work showed that escharectomy and skin grafting or graft-
ing alone followed the same temporal and quantitative pattern of hyporesponsive
immunity by active cell-mediated suppression as that described following severe
thermal trauma (Fig. 3), careful characterization and phenotyping ofthis post-graft
phenomenon is necessary before further parallels can be drawn. These experiments
are also currently under way.
In summary, while recent reports support the theory that the very earlyremoval of
burn eschar may circumvent the problem of post-burn immunosuppression, the
more clinically relevant post-burn therapy of early escharectomy with full-thickness
skin grafting compounded the suppression caused by the burn. Furthermore, we
showed that the surgical procedure ofgrafting and/or the graft itselfleads to a "post
traumatic" cell-mediated immunosuppression and that this suppression was additive
to that caused by the burn injury. While it was not possible to monitor the ap-
propriate hemodynamic parameters in our murine model, it would seem reasonable
to assume that burned mice, with a total circulating fluid volume of approximately
2.5 ml, suffer a period ofpost-burn shock as seen in human burn patients. Initiating
escharectomy and grafting procedures during the shock period (less than four hours
post-burn) greatly increased the probability of a fatal outcome due to shock. As cur-
rently utilized in human burnpatients, post-burn debridement and grafting fulfill in-
fectious, homeostatic, and esthetic considerations, and we do not advocate that
these procedures be delayed beyond the currently accepted time frames. While a
longer exposure to the burn eschar may adversely affect the pathology of post-burn
immunity in burn patients, it is apparent from this study that (1) regardless of the
timing ofthe procedure, escharectomy and grafting could not prevent post-burn im-
munosuppression, and (2) attempts to perform these procedures during the shock
period introduce unjustified risks. Thus, delaying excision and grafting until the pa-
tient is hemodynamically stable makes good clinical sense and does not risk losing
the chance to abrogate suppression by an alternate means at an earlier time.
80780 JACOBSON AND BAKER
ACKNOWLEDGEMENTS
We gratefully acknowledge the advice, discussions, and encouragement of Dr. Thomas Kupper and the
secretarial help of Patricia Lyman in preparing this manuscript.
REFERENCES
1. Polk HC: Consensus summary of infection. J Trauma 19:894-896, 1979
2. Miller CL, Baker CC: Changes in lymphocyte activity after thermal injury. J Clin Invest 63:202-210,
1979
3. Winchurch RA, Munster AM: Post-traumatic activation of suppressor cells. J Retic Soc 27:83-88,
1980
4. Kupper TS, Green DR: Immunoregulation after thermal injury. American Burn Association 16:in
press
5. Baker CC, Chaudry IH, et al: Evaluation of factors affecting mortality rate after sepsis in a murine
cecal ligation and puncture model. Surgery 94:331-335, 1983
6. Howard RJ, Simmons RL: Acquired immunologic deficiencies after trauma and surgical procedures.
Surg Gyn Ob 139:771-782, 1974
7. Arturson G, Fjellstrom KE: Complement-active serum protein in clinical burns. In Research in
Burns. Edited by AB Wallace, AW Wilkinson. Edinburgh, E & S Livingstone, Ltd, 1966, pp401-406
8. Farrell MF, Day NK, Tskradlides V, et al: Study of lymphocyte depletion and serum complement
perturbations following acute burn trauma. Surgery 73:697-705, 1973
9. Schildt BE: Function of the RES after thermal and mechanical trauma in mice. Acta Chir Scand
136:359-364, 1970
10. Kupper TS: Studies on the induction and reversal of depressed immunity after thermal trauma. Yale
University School of Medicine thesis, 1981
11. Alexander JW, Wixson D: Neutrophil dysfunction and sepsis in burn injury. Surg Gyn Ob
130:431-438, 1970
12. Alexander JW, Ogle C: A sequential, prospective analysis of immunologic abnormalities and infec-
tion following severe thermal trauma. Ann Surg 188:809-816, 1978
13. Hansbrough JF, Peterson V, et al: Post burn immunosuppression in an animal model: monocyte
dysfunction induced by burned tissue. Surgery 93:415-423, 1983
14. Kremer B, Allgower M, et al: Burn toxin. In The Immune Consequences of Thermal Injury. Edited
by JL Ninnemann. Baltimore, Williams and Wilkins Co, 1981, pp 90-118
15. Barbul A, Fishel RS, et al: Inhibition of host immunity by fluid and mononuclear cells from healing
wounds. Surgery, in press
16. Rosenthal SR: Burn toxin and its competitin. Burns 8:215-219, 1982
17. Schildt B, Nilson A: Standardized burns in mice. Europ Surg Res 2:23-33, 1970
18. Ninnemann JL, Good RA: Allogeneic transplantation of organ cultures without immunosuppres-
sion. An evaluation using adult mouse skin. Transplantation 18:1, 1974
19. Wysocki LJ, Sato VL: "Panning" for lymphocytes: A method for cell selection. Proc Natl Acad Sci
USA 75:2844-2848, 1978
20. Kupper TS, Baker CC, Green DR: Blocking the activity ofsuppressor T cells after burn injury leads
to increased autoimmunity (abstract). Submitted for publication
21. Gann DS: Endocrine and metabolic responses to injury. In Principles of Surgery, third edition.
Edited by SI Schwartz. New York, McGraw-Hill Book Co, 1979, pp 13-14
22. Munster AM, Eurenius K, et al: Ability of splenic lymphocytes from injured rats to induce a graft-
versus-host reaction. Transplantation 14:106-108, 1972
23. Miller CL, Cloudy BL: Suppressor T cell activity as a result of thermal injury. Cell Immunol
44(1):201-208, 1979
24. Saba TM, DiLuzio NR: Surgical stress and reticuloendothelial function. Surgery 65:802-807, 1969
25. Park SK, Brady JI, et al: Immunosuppressive effects of surgery. Lancet i:53-54, 1971
26. Riddle PR, Berenbaum MC: Postoperative depression of the lymphocyte response to
phytohemaglutinin. Lancet i:746-748, 1967
27. Eardly DD, Hu SK, Gershon RK: Role of Ly-l: Qal- and Ly-l; Qal' inducer cells in activation of
Ly-23 effectors of suppression of antibody production in mice. J Immunology 131:2154-2157, 1983